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LONGITUDINAL TENSION 


• FAILURE MODES 



WEAK MATRIX 

OPTIMUM 

STRONG MATRIX 
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CRACK GROWTH MODES IN UNIDIRECTIONAL COMPOSITES 




BRITTLE MATRIX 


MINIMUM FIBER VOLUME FRACTION 








• OPTIMUM STRENGTH 
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INEFFECTIVE LENGTH OR 

LENGTH OF FAILURE INTERACTION ZONE 
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Stress, %UTS 0 45 72 86 94 99 100 

Static failure sequence for Kevlar 49/epoxy 
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LONGITUDINAL COMPRESSION 
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• MICROBUCKLING OF FIBERS 

INITIAL DEFLECTION 

V = f sin — 

0 'o I 

FINAL DEFLECTION 


V = f sin ^ 


COMPRESSIVE STRESS 
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COMPRESSIVE STRENGTH 
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LOCAL SHEAR FAILURE 


f = f + 


% S 


c 0 IT G, 


FLEXURAL FAILURE OF FIBER 


f - f + 2i A ^ 

c 0 w- 2 E- 

I 7T T 


FINAL STRENGTH 
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TRANSVERSE TENSION 
• ELASTIC PREDICTION 

(«n,)n,ax = 'S^F) 
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MATRIX DUCTILITY 
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TRANSVERSE COMPRESSION 
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LONGITUDINAL SHEAR 


ELASTIC PREDICTION 
SAME AS X-j. 

h. J_ 

MATRIX DUCTILITY 
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macroscopic 


Shear failure for Kevlar 49/Ep 


LONGITUDINAL TENSION 


MATRIX-CONTROLLED FAILURE LIKELY 

FATIGUE LIMIT STRAIN OF MATRIX ~ 
FATIGUE LIMIT STRAIN OF COMPOSITE 


FATIGUE LIMIT STRESS 
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LOW FATIGUE SENSITIVITY IF FATIGUE 
LIMIT STRAIN > STATIC FAILURE STRAIN 
OF FIBER 


LAMINA FATIGUE 
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CVaES TO FAILURE 

Longitudinal S-N data for B/Al and B-SiC/Ti 
(Ultimate tensile strength - 1698 MPa for B/Al 
and 1296 MPa for B-SiC/Ti ) 




CYCLES TO FAILURE 


FIBER VOLUME FRACTION 





MAX. STF^SS, % UTS, 








CHARACTERISTIC LIFETIME, CYCLES 


CHARACTERISTIC FATIGUE LIVES 


U!L MATERIAL 

1 Vf = .50 1 U.NIDIRECTIOiTAL 

2 .33 >GLASS/EPOXY 

3 .16 ) 

- 4 0/90 GLASS/EPOXY 

5 NYLON 66 > 30 - 40X GLASS 

6 POLYCARBONATE (BY WEIGHT. 

7 POLYPHENYLENE SULFIDE (INJECTION 

8 POLY(AHIDE-IHIDE) /MOLDED ^ 

9 CHOPPED STRAND MAT/POLYESTER / 

.10 SMC COMPOSITION C / 

.64 X .64 X .32 cm 

GAGE SECTION / 

11 SMC COMPOSITION C / 

25 X .64 X .32 cm 


GAGE SECTION 
12 SMC RSO 
-13 (0/±46/90)5 

GLASS/EPOXY 
14 CHOPPED STRAND, 

mat/ ^ 

POLYESTER 


-UTS/B = 10 


(a) UNIMPREGNATED STRAND 
■ UTS = 1530 MPa (222 ksi), 


■ glj = 1.00 - .091 log N 

I ! J i I I 

(c) EPOXY IMPREGNATED STRAND 
Vf = .45 

L UTS = 971 MPa {141 ksi) y 

UTS/Vf = 2160 MPa ( 

L (313 ks1) 




(b) POLYESTER IMPREGNATED 
STRAND 
Vf = .23 

V. UTS = 455 MPa (66 ksi) 

= 1980 MPa 

- • - (287 ksi) 


X 1.00 - .10 log N 

—I I I I I L_ 

(d) RUBBER MODIFIED EPOXY 
IMPREGNATED STRAND 
Vf = .49 
UTS = 1102 MPa 
(160 ksi) 

... UTS/Vf = 2250 MPa 
(327 ksi) 


jjlj = 1.00 - .091 log N 


X 1 .00 - .096 log N 


20 40 60 80 

SLOPE OF S-N CURVE, B, (MPa/ decade) 


5 6 0 1 2 3 4 

LOG (CYCLES TO FAIL, N) 


Single cycle strength versus slope of 
S-N curve, nonwoven glass fiber 
composites, tension-tension fatigue 
at R = 0 to 0. 1 


Normalized tensile fatigue life curves 
for E-glass strand without matrix and 
with several matrices (5 Hz, R = 0.10). 
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FATIGUE SHAPE PARAMETER 














Characteristic lifetime (Cycles) 


Vieibull parameters for fatigue life distributions 







TRANSVERSE TENSION AND LONGITUDINAL SHEAR 


HIGHLY FATIGUE SENSITIVE 

MORE THAN 60% REDUCTION IN STRENGTH 
AT 10® CYCLES 

FAILURE RESULTING FROM FAST CRACK 
PROPAGATION 

NO INDICATION OF GRADUAL CHANGES IN 
MODULUS AND STRENGTH 



Transverse S-N data for B/Ep (Ultimate tensile 
strength = 60.9 MPa) 



CYCLES TO FAILURE 

Shear S-N data for B/Ep- (Longitudinal shear strength 
= 66.7 MPa, interlaminar shear strength = 81.4 MPa) 
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LAMINATE FATIGUE 


FAILURE PROCESSES 
FIRST PLY-FAILURE 

ASYMPTOTIC INCREASE IN CRACK DENSITY IN PLIES 

DELAMINATION 

LAMINATE FRACTURE 
















